This paper tests the hysteresis hypothesis in unemployment for 13 Latin American countries covering the period 1980-2005. The tests exploit the time series and the cross sectional variation of the series, and allows for cross section dependence and a different number of endogenously determined structural breakpoints. The findings give support to the hysteric dynamic hypothesis for the majority of the countries analyzed. The implications of the results have ramifications regarding macro-stabilization, structural reform, and the design of social safety protection.
INTRODUCTION
Critical features of Latin America's economic growth are its higher volatility, greater frequency of crisis, and shorter periods of booms than other regions in the world 1 . These features of economic growth raise the question of the characteristics of the region's unemployment dynamics.
From a theoretical point of view, there exist two extreme viewpoints for understanding the business cycle-unemployment dynamics 2 . The first one, the natural rate of unemployment, is that output fluctuations generate cyclical movements in the unemployment rates 3 . This view, characterizes unemployment as a mean reversion process which means that despite cyclical movements, unemployment tends to revert to its equilibrium in the long run. The second one, the "hysteresis" hypothesis, is that cyclical fluctuation will have permanent effects on the level of unemployment and therefore, the level of unemployment can be characterized as a non-stationary process 4 . In between the two extreme viewpoints is the persistence hypothesis. The latter implies a slow speed of adjustment toward long run equilibrium level and hence; it is a special case of the natural rate of unemployment hypothesis since the series show (slow) mean reversion. The immediate policy implication is that there is no permanent effect but rather a temporary one.
Establishing which characterization is empirically relevant for Latin American countries is important for a number of reasons. First, because it has ramifications for macroeconomic stabilization policies, structural reforms -such as labor market reforms-and the design of social protection networks. If hysteresis is the appropriate representation then unemployment could be a long lasting problem after stabilization or a reform. Further, if labor reforms are carried out during rising unemployment and the unemployment process is a hysteric one then the expected positive effect of reforms could be choked of because of a time consistency problem. However, ideal timing from a hysteric characterization of unemployment namely during falling unemployment conflicts with the timing recommendations of the political economy's new orthodoxy that concludes that crisis is necessary for a reform as it makes the politics of reform policy more feasible 5 . Second, it is of particular interest for Latin America as it is a region that has been hit by crises that can be interpreted as relatively large number of 1 See Berg et al. (2006) . 2 See Karanassou et al. (2007) for a review. 3 See Layard et al. (1991) for a detailed description. 4 See Cross (1995) for hysteresis in unemployment and Göke (2002) for a review of the use of hysteresis concept in economics. 5 For a review of the literature see Drazen (2000) and Alesina et al. (2006) . 1 shocks. Third, there is an extensive literature on this issue for OECD countries and the beginning of empirical work on Transitional Economies 6 . The literature generally supports the hysteresis hypothesis but once controlled for structural change the evidence is less clear-cut. However, as far as we know, there has not been a systematic research to delimit the actual unemployment dynamics in Latin America with regard to the two competing hypothesis of the natural rate and hysteresis.
Conventionally the empirical literature attempted to determine the existence of hysteresis through unit root tests of a given country's unemployment series. The latter exercise, the linear hysteric hypothesis, is an extreme case of a more general hysteresis case. As Cross et al. (1998) pointed out the two defining features of a general hysteric process are remanence and selective memory of past shocks. Remanence implies that two shocks of equal size but in opposite directions do not cancel each other and selective memory refers to the phenomena where only the non-dominated extremum values of the shocks are retained of selective memory where all the shocks are recorded in the memory of the series . The linear hysteric hypothesis, in contrast, does not have dominated extremum values and two consecutive shocks of equal magnitude and opposite direction will cancel each other. However, as Leon-Ledesma et al. (2002) point out, hysteresis interpreted as a unit root is not necessarily a true description of the unemployment data generating process but can be used as a local approximation to the phenomena during the sample period. Thus the statistical tests provide an upper bound of the hysteresis hypothesis.
Further, the literature on unit root and stationarity itself has undergone a huge advance. These advances overcome a number of problems with the traditional approach of testing for unit roots. First, as argued by Bai and Ng (2001) , conventional unit root tests have low power against the stationary alternative when the process is near integrated. In this case the evidence in favor of hysteresis would be stronger if simultaneously to the test for the null of a unit root is carried out with the reversal complement of the null of stationarity. Second, conventional unit root test tend to have low power in the presence of structural breaks. In general, the presence of structural breaks might lead to erroneously accepting the hypothesis of unit root. Third, the power of the conventional tests could also be low due to a small sample. The proposed solution to these two latter problems in the recent literature is to exploit the time series and cross section virtues of panel data and to test simultaneously for the nulls of unit root and stationarity and structural stability. The battery of tests used 6 See Stanely (2005) for a meta-regression analysis review and León-Ledesma (2003). 2 in this paper suggests that the unemployment process is a hysteric one for most of the Latin American countries studied.
The paper proceeds as follows. The next section describes the stylized facts of unemployment in Latin America. In the third section, the empirical strategy is developed. Finally the fourth section concludes.
THE STYLIZED FACTS
For heuristic reasons we can view unemployment over the output boom-bust cycle. An additional reason is that often back of the envelope calculations of the unemployment costs of growth fluctuations use the Okun's Law's coefficient that relates unemployment to output growth (see Lang and De Peretti (2006) for OECD countries). Okun's Law implicitly assumes the natural rate hypothesis.
The bust-boom cycle is determined by the method recommended by Harding and Pagan (2006) . From the individual country's real GDP and unemployment series are identified for each series separately the following sequence of turning points: peak, trough, and recovery and so on. Once these points are identified is calculated the duration of the cycle (number of periods from peak to trough (the recession phase) plus from trough to the next peak (the expansionary phase). A second calculation is the depth of the cycle i.e. the maximum drop of output from peak or the maximum rise in unemployment from a trough. These authors also suggest the concordance index to judge colinearity of business cycles across countries. The index in table 1 suggests high concordance that could be attributed to common external shocks. The evolution of unemployment in each Latin American country is presented in Figure 1 . Moreover, the calculations we just discussed are presented in Table 2 . They show that the duration of output from peak to recovery is on average about 3 3 years while the duration of unemployment is double, 6 years. On recovery of pre-crisis unemployment rates output was 13% higher in that year relative to the previous low of unemployment rates. The average depth is 6.4% for output and 3.7% for unemployment. However, for some crisis, unemployment rates have still not fallen to pre-crisis levels although output has recovered. This holds for ten crises in eight countries. For four countries' crisis episodes (Argentina 1987 -92, Peru 1987 -96, Uruguay 1994 -95, and Venezuela 1993 unemployment was hit with a subsequent crisis but for five countries despite no subsequent crisis (Brazil 2000 -04, Brazil 1989 -93, Mexico 2000 -02, Panama 1986 -91, Paraguay 1998 ) unemployment has not fallen to pre-crisis levels despite output recovering its pre-crisis levels.
The descriptive data calculations reveal that Okun's coefficient suffers change over the cycle with jobless growth during the upturn in economic activity. Further, it also suggests that a quick reversal to the mean of unemployment does not generally hold, this in turn suggests that unemployment may be either a slow mean reversion or a hysteric process.
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EMPIRICAL STRATEGY
Data Description
The unemployment rate data is from the national statistical institutes of each country considered in this paper. Only a few countries have quarterly data and most of them only from mid nineties. Thus, to maximize the time period and the number of countries covered, we use annual data from 1980-2005 for Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay and Venezuela.
2-Theoretical Justification
Before detailing the various tests and their results it is useful to slightly formalize the issue under the linear hysteric hypothesis. Consider that unemployment, y t , follows an AR (1) process as: . If the former is not rejected and the latter is rejected then one can assert that the unemployment follows a hysteric process.
3-Time Series Tests
Linearly hysteric behavior of unemployment hypothesis is carried out separately for a sample of 13 individual country's annual unemployment series from 1980 to 2005. The tests used were the Augmented Dickey-Fuller (ADF) with the null of a unit root and the Kwiatkowski, Phillips, Schmidt and Shin (KPSS) Langrage Multiplier test for the null of stationarity. Regarding the ADF test, one of the key issues in this procedure is the number of lags to include in the auxiliary regression. The critical values associated with the ADF test were generated in the absence of serial autocorrelation in the error term. Hence, the test requires a sufficient number of lag terms of the dependent variable such that the error term is white noise. However, when more lag terms are introduced, the power of the 6 test falls. This implies that the choice of the number of lags is a key element when using ADF tests. It is standard in the literature to use the Akaike information criteria (AIC) and Schwartz information criteria (BIC) to select the number of lags.
For the ADF test, three possible models are considered: 
Notes:
1. The autocovariance function was weighted by the quadratic spectral kernel rather than the Barlett kernel. 2. The automatic bandwidth selection procedure proposed by Newey and West (1994) as described by Hobijn et al. (1998) is used to determine the number of lags used. Table 4 above presents the results of the KPSS test using the optimal bandwidth selection procedure to determine the number of lags. The KPSS test assumes that the series y t is trend stationary under the null. The KPSS statistic is based on the residuals from the OLS regression of y t on the exogenous variables x t :
The LM statistic is then defined as The KPSS test points in the same direction as the ADF test: for almost all the countries the hypothesis of stationary is rejected. In other words, hysteresis, as evidenced by the ADF and the KPSS tests, seems a plausible hypothesis to describe the unemployment dynamics of Latin American countries. Still, the caveat here is that the tests' findings might be affected by the low power of the tests due to the small sample used and the non-tested hypothesis of possible structural breaks. To overcome these problems we turn to panel data techniques that overcome the small sample problem by exploiting both cross-sectional and time-series dimensions of the data, and by using techniques that test for structural breaks.
4-Panel Data Tests
To test for the null of a unit root with panel data we use the Im, Pesaran and Shin (2003) (IPS) test. This test is essentially a panel data equivalent of the ADF single series test. Note that the test is designed for a heterogeneous panel in which each cross-section is estimated separately and not pooled. Further, the process does not impose the same speed of mean reversion in the different countries thus allows for heterogeneity across countries. In addition, to take into account that different cross-sections are not distributed independently, we also report the demeaned version of the test; i.e. we subtract cross section averages from the individual country's series. The IPS test is based on the following regression equation: Since the null hypothesis of this test assumes that all the series considered are non stationary, making it very sensitive to the marginal addition of subtraction of countries. Initially, we conducted the test for the 13 Latin American countries where data was available for the complete period 1980-2005. We also considered a sub sample of 7 countries. The results are summarized in Annex 1. 
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When considering both the demeaned and non-demeaned versions with no trend, the null hypothesis is rejected for both samples while introducing a trend the unit root hypothesis cannot be rejected. The latter case, this is giving evidence of a potential hysteric behavior of unemployment. Still, the small sample and the cross section independence hypothesis may be an issue in the performance of this test. As shown by several authors (including O'Connell, 1998 , Banerjee, Marcellino, and Osbat, 2004a , 2004b , the assumption of cross-sectional independence on which the asymptotic results of the IPS's procedure relies (as actually most panel data unit root tests of "the first generation" including Maddala, and Wu, 1999; Levin, Lin and Chu 1993, 2002,) is often unrealistic and can be at odds with economic theory and empirical results. Besides, as shown in two simulation studies by Banerjee et al. (2004a Banerjee et al. ( , 2004b if panel members are cross-correlated, all these tests experience strong size distortions and limited power. This is analytically confirmed by Lyhagen (2000) and Pedroni and Urbain (2001) .
For this reason, panel unit root tests relaxing the assumption of cross sectional independence have recently been proposed in the literature by Choi (2002) , Bai and Ng (2003) , Moon and Perron (2003) , Pesaran (2003) and Phillips and Sul (2003) . We decided to investigate the presence of a unit-root using the tests proposed by Choi (2002) and Pesaran (2003) . Choi (2002) uses an errorcomponent model to handle cross sectional dependence. In particular, to let cross-sections units respond homogeneously to a single common factor f t the model is: The first step is to obtain a cross-sectionally independent series. For that purpose Choi (2002) first demeans the data by GLS and then takes cross-sectional means to obtain a new variable which is independent in the crosssectional dimension as both n and Table 6 shows the results for the Choi (2002) test. The evidence found suggest that when considering cross section independence the null hypothesis of unit root is rejected, but once we allow for cross section correlation the conclusion is reversed and we cannot reject the hypothesis of nonstationarity. Hence, the evidence supports the hysteresis hypothesis. Pesaran (2003) provides an extension of the Im, Pesaran and Shin (2003) test to allow for one stationary factor with heterogeneous loadings. This last test in particular, seems to show "good size and power for different values of n and T and model specifications". In particular, to account for the possible small sample bias from the Choi (2002) test, we perform the Pesaran (2003) test which seems to have a better performance in small samples. Moreover Pesaran (2003) propose a simple alternative test where the standard ADF regressions are augmented with the cross section averages of lagged levels and first-differences of the individual series and shows that the cross sectionally augmented panel unit root tests have satisfactory size and power even for relatively small values of n and T . This is particularly true of cross sectionally augmented and truncated versions of the simple average t-test of Im, Pesaran and Shin (2003) and Choi's (2002) inverse normal combination test. The limiting distribution of this test is non-standard and tables with critical values are given in Pesaran (2003) . The test is given by
where CIPS is the cross-sectionally Augmented IPS and is the crosssectionally augmented Dickey-Fuller statistic for the i cross section unit. Finally, to account for the possibility of structural breaks we apply the Carrion-i- Silvestre et al. (2005) test. This is a null stationarity test a la KPSS extended to panel data by Hardi (2000) and further extended by Carrion et al. (2005) to simultaneously consider the possibility of structural breaks. The test allows for heterogeneity and multiple structural breaks at different unknown dates and different number of breaks for each country that are determined endogenously.
The basic setup of the test is as follows. Let y it be a stochastic process such that: 263 Note: * Only in the cases of Costa Rica and Panama the null hypothesis is not rejected using a 1% critical in the other cases is at a 5% and a 10%. Allowing for 5 structural breaks individual information to compute the test statistic in Panel B, we realize that the null hypothesis of stationarity is rejected both for the homogeneous and the heterogeneous long-run variance. However, this conclusion is reversed when cross-section dependence is taken into account. In particular, the critical values drawn from the bootstrap distribution indicate that the null hypothesis cannot be rejected at the 5% level. From this test, the evidence points to the absence of hysteresis in unemployment. However, we need to interpret this result with caution since we have a small sample that is affecting the bootstrap distribution and hence may be biasing the conclusion. To overcome this problem, more data points should be considered; an option not available at this time. Hence, a nontestable hypothesis is that the results are sensitive to longer time series and or higher frequency data but neither is available for the majority of the countries studied in this paper.
CONCLUDING REMARKS
In this paper we undertook a systematic empirical analysis of the dynamic behavior of unemployment in Latin American countries. Specifically, we applied a battery of statistical tests on single and panel data series to determine if there were hysteric features in Latin America's labor markets.
We found, from both unit root and stationarity test approaches, that for most Latin American countries their aggregate unemployment can best be described as a hysteric dynamic. The confidence attached to this assertion is highest for Latin America's seven largest economies.
The degree that the hysteretic feature of labor markets is due to, individually or their interaction, labor market inflexibility, pro-cyclical monetary and fiscal policy or decreasing capital stock is beyond the scope of this paper. However, a research agenda focusing exclusively on labor market inflexibility (due to minimum wages, unions, and employment protection) may be misplaced as labor protection policies are either weak or generally not fully enforced. Meanwhile there is growing evidence that monetary and fiscal policy is pro-cyclical and, although to a lesser extent, that pro-market structural reform has not resulted in an increase in private investment over and above the decline in public investment; suggesting the possibility of a decline in capital stock. The why of hysteresis is a topic for a subsequent study. The why of hysteresis, a topic for a subsequent study, is important for drawing out the policy ramifications of the findings; that is, whether labor market reform or macroeconomic policy should be used for smoothing as required.
